Musical group interaction (MGI) is a complex social setting requiring certain cognitive skills that may also elicit shared psychological states. We argue that many MGI-specific features may also be important for emotional empathy, the ability to experience another person's emotional state. We thus hypothesized that long-term repeated participation in MGI could help enhance a capacity for emotional empathy even outside of the musical context, through a familiarisation with and refinement of MGI empathy-promoting musical components (EMPCs). We tested this hypothesis by designing an MGI program for primary school children consisting of interactive musical games implementing various EPMCs. We ran the program for an entire school year and compared the emotional empathy of MGI children to control children using existing and novel measures of empathy before and after the program.
Introduction
Music can be a powerful medium for social interaction. In particular, musical group interaction (MGI), when two or more individuals play music together, tends to align and join individuals into states of togetherness (Huron, 2001; Cross, 2009) . Such joint states emphasize other-directedness, whereby special attention is given to the actions and intentions of the other players, entailing greater understanding of their physical and emotional states (Cross et al., in press) . It is noteworthy that understanding the emotional state of the other is a hallmark of empathy, the ability to produce emotional and experiential responses to the situations of others that approximate their responses and experiences, as well as an awareness and identification of their emotions [ (Lieberman, 2007) ]. Empathy can be thus considered to have both cognitive and affective elements (Rogers, 1959; Eisenberg, 2000) . As is evident, the basic characteristics of MGI, the cognitive abilities that it demands, and the psychological states that it can elicit; all seem to be potentially relevant also for empathy (Cross et al., in press ). We thus collectively call such components of MGI, Empathy Promoting Musical Components (EPMCs).
We have previously analyzed in detail various potential EPMCs and developed a theoretical model (Cross et al., in press) , showing how EPMCs might be shared between MGI and empathy. Briefly, EPMCs include several primary cognitive mechanisms, such as movement or motor resonance, which are deeply embedded in our perception of music (Webb, 1769 (Webb, /2003 Langer, 1953; Scruton, 1997) and in its production, but have also been suggested to facilitate action understanding (Blakemore and Decety, 2001) ; imitation, which is apparent in the physical mimicry of other players' movements as well as in the repetition of musical phrases and motifs, but could also promote the sharing of mental states and help us understand and experience empathy (Frith and Frith, 2006) ; and entrainment, the "process by which two or more independent rhythmic processes interact, leading in some cases to synchronisation" (Clayton et al., 2004, p.4) , which can potentially enhance attentional and motoric coordination and cohesion between listeners, and especially amongst performers, improving the ability to mutually adjust to another person's inner pace and to thus align affective states (Cross, 2005) . Entrainment has also been shown to promote social interaction and cooperation (Macrae et al., 2008; Wiltermuth and Heath, 2009) . MGI has several additional prominent characteristics that may promote a sense of empathy. These include: apparent compliance with conditions for honest signalling (see Számadó & Szathmáry, 2006) , in that signals that are perceived and produced in music may be experienced as grounded in a necessary fit between sound structure and biological significance that provide a foundation for 'natural meaning' in music, thus affording a sense of mutual 'honesty' to interacting individuals (Cross, 2009) ; floating intentionality (semantic indeterminacy), which substantially distinguishes musical communication from the explicitness inherent in verbal communication as it permits specific, but not necessarily uniformly emotional experiences to peacefully coexist, and thus promotes accord between players (Cross, 2005) ; flexibility, a prerequisite for keeping in pace with the highly dynamic nature of the musical interaction; and disinterest, derived from the Kantian term disinterested pleasure, described by Kant regarding art in general as the experience of pleasure without presupposing the existence of a pleasurable object (Kant, 1790 (Kant, /1951 , which makes the purely aesthetic appreciation of music the centre rather than an interest or desire for some functional outcome; this may enable players to concentrate purely on the musical interaction itself rather than on an instrumental non-musical outcome. All of these characteristics may afford an honest, ambiguous, flexible and disinterested mode of communication during musical interaction, which may lead to a state of shared intentionality (Tomasello et al., 2005) , an understanding of each other's intentions and an adoption of a common object of attention; and to intersubjectivity (Rabinowitch et al., in press ), whereby it is not just objects of attention that are shared, but also a substantial part of the individual cognitive and affective dynamics (Trevarthen and Aitken, 2001 ), a very similar process to that of empathy.
These theoretical insights led us to hypothesize that repeated participation in MGI, and hence long-term exposure to EPMCs, might act to enhance the capacity for empathy also in nonmusical contexts. We reasoned that routine involvement in MGI may lead to the strengthening and refinement of cognitive mechanisms such as motor resonance, imitation and entrainment, and to a familiarity with joint psychological states such as shared intentionality and intersubjectivity, equipping the individual with an augmented and enduring aptitude for empathy. For the purposes of this study, and most befitting the characteristics of the EPMCs, we have specifically decided to concentrate on emotional empathy.
Previous research on music and pro-social behaviour demonstrated that 4-year-olds enhanced their cooperative and helpful behaviour following joint music making (Kirschner and Tomasello, 2010) . Studies focusing specifically on music and empathy showed that preschool and primary school children who participated in a special musical-empathy program that highlighted the essence and importance of empathy (through singing or composing songs about empathy, as well as discussing how the children empathize) demonstrated high empathy levels, evaluated either by the children's empathy-related responses throughout the study (Laurence, 2005) or as measured before and after the program using the Feshbach and Roe Empathy Test (Feshbach and Roe, 1968; Feshbach and Feshbach, 1969; Kalliopuska and Ruokonen, 1986; Kalliopuska and Tiitinen, 1991; Kalliopuska and Ruokonen, 1993) , where the children are asked to describe how a child appearing in a picture feels. In these latter studies, the capacity for empathy was also compared to other same-aged children who did not take part in the program (Kalliopuska and Ruokonen, 1986; Kalliopuska and Tiitinen, 1991; Kalliopuska and Ruokonen, 1993) . One additional study (Hietolahtiansten and Kalliopuska, 1990 ) surveyed 12-year-old children who had been active musically for 6 years on average and same-age control children who had not been active in music at all; empathy was evaluated using a modified version of the Mehrabian and Epstein Emotional Empathy scale (Mehrabian and Epstein, 1972) , a self-report questionnaire, with the musically trained children scoring significantly higher mean scores than controls.
The present study took a very different approach. Instead of focusing explicitly on empathy we concentrated on the musical interaction itself with neither explicit nor implicit reference to empathy, but with strong emphasis on EPMCs such as entrainment, imitation etc., and the experience of EPMCs in a group context. This was done by designing a long term MGI program consisting of a large set of musical games and tasks, each dedicated implicitly to a particular EPMC and at the same time focused on self-other musical interaction. Another distinguishing aspect of the present study was the choice of measures used to estimate emotional empathy. Unlike previous studies, which used only verbal measures, we endeavoured to obtain a more direct evaluation of the children's capacity for emotional empathy, eliminating such confounding variables as verbal processing and verbal ability.
Therefore, in addition to a self-report questionnaire, the Index of Empathy, we added a nonverbal measure, Matched Faces, as well a novel, non-verbal and implicit measure of emotional empathy, the 'Memory' Task (see Method).
As in previous studies, we chose to concentrate on children since they are amidst the process of developing their emotional and specifically their empathic capacities and may thus benefit the most from such a positive intervention in their natural course of empathic development.
In particular, we focused on 8-11 year old children, since at these ages children will have already acquired the basic tools needed for empathy such as theory of mind (being aware that other people have thoughts and feelings), perspective-taking, and the ability to discriminate between emotions (Eisenberg et al., 1997) . Moreover, by the age of 8, children have the motoric ability to play any musical instrument (McPherson and Davidson, 2006) , their emotional perception of mood in music (mainly happy and sad) is firmly established, they have gained a significant wealth of musical experiences, but at the same time they are extremely open to all sorts of different musical styles (Schubert and McPherson, 2006) , to new musical learning approaches and to learning in general. Therefore, it seems that the age group of 8-11 years is particularly suitable for MGI and most importantly, has a substantially strong potential for integrating the special tools and perspectives acquired in MGI into social interaction in general, and empathy in particular.
The MGI program was run for an entire school year in several small groups. We also ran in parallel a control non-musical program consisting of equivalent games and tasks to the MGI program, but without the music. An additional group of children who did not participate in either program was used as a further control. We evaluated the children's emotional empathy before and after the study and found a substantial increase in empathy scores following the MGI program and a higher average score in MGI children compared to controls at the end of the study. These results corroborate our hypothesis linking between musical group interaction and emotional interactions such as empathy. In addition, the MGI program developed for the study may serve as a platform for a new approach for music education (Burnard, 2002 ) that can help advance not just musical skill but also social abilities and, in particular, the emotional understanding of the other.
Method Participants
Children (28 girls, 24 boys, Mage=10.3 years, age range: 8-11 years, SD=0.64 years) from four UK primary schools participated in a year-long study following the receipt of a consent letter from their parents. All schools had similar socioeconomic and school aptitude ratings according to their latest Ofsted reports (Ofsted, 2006 (Ofsted, -2009 . Within each school, the children were randomly assigned to either a music or control group. The majority of the children (67%) played at least one musical instrument (including the voice) during the course of the study. The make-up of the music and control groups, in terms of instrumental background, was statistically indistinguishable (χ 2 (1) = .82, p = .37). The study was approved by the Cambridge Psychology Research Ethics Committee.
Procedure and Stimulus Materials
The children performed a battery of tests at the beginning and end of the study to evaluate their capacity for empathy and their verbal ability (see details of measures below). Children met with the experimenter individually in a quiet room. The experimenter introduced herself to the child and explained the study and the upcoming tests and measures. The session included the Matched Faces measure, the Index of Empathy questionnaire and the 'Memory' Task (the latter conducted only at the end of the study) described below. Then, more information (in addition to that which was supplied by the parents in the consent forms) on the children's musical background was obtained. The meeting ended with the two verbal ability tests [similarity and vocabulary sub-tests, (Wechsler, 1974) ]. Altogether, a typical meeting lasted approximately 45 minutes at the beginning of the study and about 55 minutes at its end, where the 'Memory' Task was also included. Verbal ability data from one child was unavailable due to data recording errors.
Empathy Measures
Emotional empathy was evaluated using three independent measures. The first two measures, Matched Faces and Index of Empathy, were performed at the beginning and end of the study.
The third measure, The 'Memory' Task, was developed during the time that the study took place, and was thus performed only at the end of the study. All experiments were run on a PC using a custom written Matlab (Mathworks, Natick, Mass; student version) program and Windows Media Player. Copies of the Matlab program are available upon request from the corresponding author.
Measure 1: Matched Faces
The Matched Faces measure was based on several existing empathy measures (Strayer, 1993; Roberts and Strayer, 1996; Strayer and Roberts, 1997, 2004; de Wied et al., 2005) . response is assumed to indicate that the child's experience when watching the movie clip was similar or emotionally influenced by the emotional state of the protagonist, thus demonstrating a capacity for emotional empathy. The appropriate matching of the protagonist emotional experiences with a specific facial expression was predetermined in a preliminary study performed with both children and adults. The face-matching task was repeated 12 times with a short diversion task presented between repetitions in the form of a 2-Back game, where the child was asked to "Click on the black square if it is in the same place where it was 2 steps ago". This was done in order to make sure there was no emotional 'spill over'
between one repetition to the other. The final score was calculated as the sum of correctly matched faces divided by 12, the total number of repetitions.
Unlike our measure, previous similar tests either required verbal report (Strayer, 1993; Roberts and Strayer, 1996; Strayer and Roberts, 1997, 2004) , or used cartoons rather than real human faces (de Wied et al., 2005) .
Measure 2: Index of Empathy
The second measure, Index of Empathy, is a self-report questionnaire targeted at children and adolescents (Bryant, 1982) . It contains 22 polar questions (YES/NO) and is specifically intended to gauge emotional empathy. Examples of questions include: "It makes me sad to see a girl who can't find anyone to play with"; "I really like to watch people open presents, even when I don't get a present myself" and "It's hard for me to see why someone else gets upset". Each question has a 'correct' response that demonstrates a capacity to experience emotional empathy. The final score is the sum of correct responses divided by 22, the total number of questions.
Measure 3: 'Memory' Task
The 'Memory' Task is a novel non-verbal and implicit measure of emotional empathy specially developed for this study. 
MGI Program
As part of the study, a specially tailored Musical Group Interaction (MGI) program was developed. The MGI program is a novel program, in which the children perform various musical tasks in the form of pre-arranged musical games. These games were designed to encourage specific elements in musical group interaction, (e.g. entrainment, imitation, flexibility, etc.), but to also discourage negative effects (e.g. self-absorption, conflict, etc.), and were concentrated on self-other interactions. Importantly, the musical games did not require children to be aware of any explicit process of empathizing; they were designed to focus children's attention on the process of engaging musically and creatively with each other within the interactive constraints of each game. These musical games were all operationalizations of the Empathy Promoting Musical Components (EPMCs) discussed above, suggested to underlie and facilitate interactional processes of intersubjectivity and empathy. For example, entrainment games were designed to encourage the interacting individuals participating in the joint musical interaction to experience the gradual process of entrainment, of trying to be as rhythmically coordinated as possible..One such game was the 'Improvising Rhythm' game in which the group's task was to improvise together, while the rhythm is being constantly changed, either spontaneously, by one of the group members, or by someone from outside the group (Cross, et al., in press) . Imitation games were designed to highlight imitative musical and gestural encounters between the group members. One such game was the 'Mirror-Match' game in which each participant plays a short musical phrase that either repeats or matches the phrase played by the previous participant (Wigram, 2004; Cross et al., in press ). Other, more complex components such as shared intentionality and intersubjectivity were also represented by their own set of games, designed in this case to promote the sharing of intentions between the participating children through for example, composing music with a clear theme together (shared intentionality), and the sharing of cognitive and affective dynamics, through games that encourage social musical 'mindreading' of either a musical theme in someone's play or even an emotion (intersubjectivity). These mechanisms and components were introduced to the children gradually, starting with games relying on the more basic mechanisms, such as movement/motor resonance, entrainment and imitation, to honest signalling, disinterest, shared intentionality and intersubjectivity. For a more detailed account of the MGI program including additional examples of specific games see Cross et al., in press. Children in the music groups (13 girls, 10 boys) took part in the MGI program, for one hour weekly meetings lasting either 9 months (27 sessions, n = 16) or 3 months (8 sessions, n = 7).
Previous studies on the effectiveness of music therapy as well as psychotherapy have shown that positive outcomes may already be achieved after 3 to 10 sessions of music therapy (Gold et al., 2009 ) and that 1-2 months of psychotherapy was sufficient to solve the problems of the majority of respondents (Seligman, 1995) . The meetings were held in a designated room in school during school hours, in small groups of between 4 and 8 children (depending on the activity).
The control groups (15 girls, 14 boys) consisted of a games group, which similarly to the music group met one hour weekly for 9 months (27 sessions, n = 8) and the general control group (n = 21) including children who did not take part in any special activity as part of the study. The games group program consisted of similar games to those played in the MGI group, only without the use of music; verbal story-telling, drama and other forms of interaction were used instead. In a very similar fashion to the MGI group, each of the mechanisms and components had its own set of non-musical games, introduced to the children gradually as the year progressed. For example, instead of musically repeating or matching another child's musical phrase as was done in the MGI group for implementing imitation, the games group children were asked to repeat and match another child's sentence in order to create a sense of a story that progresses. For the more complex components, such as joint intentionality and intersubjectivity, we used drama and play as means for interaction;
all of which were close as possible variations of the games that were played in the MGI group.
The music and games sessions were facilitated by the first author, who has ample experience in working with children.
Experimental design
The experiment originally had a 3 (participant group: music vs. games vs. general control) x 2 (phase: beginning vs. end of the study) between-and within-subjects design.
A preliminary analysis of variance compared the performance of the two non-music groups (games and general control) in both the relevant parameters (i.e., verbal ability and capacity for emotional empathy). It found no significant main effects nor interactions between the performances of the two groups [F(1,27) < 1]. We thus pooled the games and general control groups into a single control group, yielding a 2 (participant group: music vs. control) x 2 (phase: beginning vs. end) between-and within-subjects design.
All t-tests were 2-tailed and Bonferroni corrections for multiple comparisons were introduced where relevant. Unless otherwise mentioned, all results are presented as mean ± standard error of the mean.
Results

Verbal Ability
There were no significant differences in verbal ability between the music and control groups in the tests taken at the beginning (similarities t(49) = 0.32, p = .97; vocabulary: t(49) = 0.1, p = .92) and end of the study (similarities: t(49) = 1.11, p = .27; vocabulary: t(49) = 0.8, p = .42), nor was there any significant interaction between the children's scores at the beginning and end of the study and the group (music vs. control) they belonged to (similarities: F(1,49) = 1.24, p = .27; vocabulary: F(1,49) = 1.67, p = .2). Both groups scored significantly higher in the two tests at the end of the study compared to its beginning.
Empathy Measures
For each participant the Matched Faces score was calculated and subjected to a 2 (participant group: music vs. control) X 2 (phase: beginning vs. end) repeated measures analysis of variance (ANOVA). We found a highly significant main effect of phase (F(1,50) = 7.34, p = .009), but no significant interaction. For reference, the scores for the music groups children at the beginning and end of the study were 0.44±0.04 vs. 0.53±0.04 respectively, whereas the scores for the control groups children at the beginning and end of the study were 0.42±0.04 vs. 0.48±0.04 respectively (Figure 2) . The Index of Empathy scores were similarly calculated and analysed. We found a highly significant main effect of phase (F(1,50) = 10.76, p = .002) and an interaction of phase X participant group that was marginal but very close to statistical significance (F(1,50) = 3.9, p = .054). Bonferroni t-tests (Figure 3) showed that only the participants in the music groups Finally, we analysed the results of the 'Memory' Task performed at the end of the study.
Whereas children from the control groups exhibited chance 'Memory' Task score levels (Figure 4) , the music groups children's mean score was considerably higher than chance, and was significantly higher than the control groups children's mean score (0.79±0.05 vs.
0.53±0.06, t(50) = 3.21, p = .002). Since the 'Memory' Task was only developed towards the end of the study, we have no results for this measure from the beginning of the study and thus cannot compare group scores before the study or changes in scores following the study. 
Discussion
The results of this experiment are not definitively conclusive but do more than hint that our initial predictions were appropriate; on two out of the three measures of empathy that we employed, the MGI program can be interpreted as having led to an increase in empathy scores in the participating children, but not in control groups. This lends more than tentative support to our model according to which particular skills and processes that are enhanced in MGI, the EPMCs, may extend beyond the realm of music to promote day-to-day emotional empathy, possibly through some mechanism of skill transfer. Further study will be required, involving larger cohorts of participants and, ideally, multiple group musical animateurs, in order to provide a robust test of our hypotheses. It also remains to be explored how long can this effect last and to what extent it requires reinforcement in the form of further MGI sessions.
Why is a sense of empathy so important for us as individuals and as a society? Many writers consider empathy to be the chief motivation for altruism and agree that empathy and sympathetic concern are critical factors mediating pro-social actions. Feelings of concern or sadness for the needy may precede acts of helping, sharing or comforting whereas guilt, for example, may be followed by a failure to act pro-socially (Eisenberg and Mussen, 1989) . The connection between empathy and pro-social behaviour has not been extensively researched experimentally so far (Singer and Lamm, 2009) , however, there are a few supportive empirical findings (Eisenberg and Miller, 1987) . For example, measures of role-taking in children were significantly positively correlated with behavioral indices of altruism and with teachers' ratings of pro-social behaviour, patience and cooperativeness (Krebs and Sturrup, 1982) . In addition, it has been shown that individuals who scored higher in an empathy scale also reported to be more willing to help others when being bullied (Jolliffe and Farrington, 2006) .
Consequently, practical implications of this study concern music education and perhaps also 'empathy education'-working with children on social and emotional communication for gaining confidence in their ability to experience another person's emotional state and produce a relevant and supportive emotional response. First, in formal educational settings (e.g. schools and studio classrooms), ranging from music clubs to performance sites, by providing teachers with a highly specified program that addresses empathy through a friendly, enjoyable and welcoming medium such as music. This program could serve as an alternative, as well as an addition to existing music programs and lessons that are within the curriculum.
Second, in non-formal musical settings, such as youth movements or parents playing with their children, where one can use these MGI tools for extending social-emotional interactions and for developing emotional sensitivity.
Conclusion
In addition to the pleasure that it brings and to its possible contributions to linguistic, mathematical and spatial capacities (Graziano et al., 1999; Schellenberg, 2001 ), academic performance (Ho et al., 2003) and even IQ (Schellenberg, 2004) , music may be beneficial in yet another way, promoting empathy when experienced as group interaction. Future research will attempt to determine the identity and relationship of the mechanisms that are the most strongly responsible for this effect and describe the dynamics of their acquisition through musical interaction and their detailed roles in empathy.
